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(54) Determining the positional accuracy of multi-colour printing heads 

(57) To determine the positional deviation of an automatic marking implement from a nominal position, 
calibration patterns (402, 404, 406, 408) are formed during movement of the implement along only one 
dimension (Y) of a printing medium having orthogonal dimensions X and Y. A sensor (200) automatically 
scans the patterns along one (ideally the same) dimension (Y). Deviations along the scanning direction are 
determined from scanning indicia (406) orthogonal to that direction, composite information about deviations 
in both dimensions (X,Y) is determined from scanning diagonal indicia (408), and deviations in the orthogonal 
direction (X) are extracted from the composite information. There is no necessity of either forming or sensing 
any pattern that is extended (by more than one marking-implement swath) in two different directions. The 
system can determine deviations from nominal offsets between plural marking implements, such as 
thermal-inkjet pens holding ink of different colours in a computer-controlled printer. 
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1 

SYSTEMS AND METHOD FOR ESTABLISHING POSIT IONAL ACCURACY 

This invention relates generally to machines and 
procedures for printing text or graphics on printing media 
such as paper, transparency stock, or other glossy media; 
and more particularly to systems and a method for 
determining positional deviations of one or more automatic 
marking implements using in such printing. The invention 
is- useful, particularly but not exclusively in scanning 
thermal -Inkjet printers that construct text or images from 
individual ink spots created on a printing medium, in a 
two-dimensional pixel array. 

A representative modern computer- controlled desktop 
printer or drafting-room plotter employs an automatic 
marking implement such as an ink jet pen or dot-matrix 
printing head. Ordinarily the implement is mounted on a 
carriage, which most typically scans across a printing 
medium in a first of two orthogonal directions. 

Periodically, relative motion of the medium with 
respect to the carriage in a second of ,the two directions, 
too, is also provided - most commonly by moving the 
medium, but equivalently by shifting a carriage gantry. 
This second component of relative motion enables the 
marking implement to eventually have access to every part 
of the desired image area of the printing medium. 

To achieve colour effects and also even for certain 
types of high- throughput monochrome printing, it is now 
common to employ plural or multiple marking implements 
together in a single such printer or plotter. In some 
such special cases, plural banks of implements may have 
different alignments - but most often the implements are 
mounted adjacent to one "another "on a common carriage, 
which carries the implements together across the medium in 
the first orthogonal direction. Here too, relative motion 
of the medium in the . second direction is provided so that 
each implement gains access to, typically, the entire 
image area . 



■ A modern printing- system, operates .using extremely 
fine positional control — to achieve a pixel -grid spacing 
of, nowadays, some 0.08 mm or 0.04 mm (0.003 or 0.0015 
inch) . It has been found economic, however, to control 
the absolute position of an individual marking implement 
( e. o. , a single ink jet printtxead q^, pen) only^ to about 
±0.25 mm (±Q>01 ; inch) ; -r^- which is/an. overall- span v of about 
0 . 5 mm (.0 .02 inch) , or about six to twelve* times 2 the pix- 
el-grid spacing . :i - ■■' - J -* ; f - ' ' 

" In typical monochrome printing with a single head 
this tolerance of ±0.25 mm' is normally' inconseqiiehtial , 
since it manifests itself only as uncertainty in position- 
ing of the overall , image on .the sheet of printing medium, 
and margins, .are -usually much greater than a .quarter milli- 
meter. . Within the image., ..the head position is maintained 
constant to considerably finer -tolerance than the pixel - 
"grid spacing. 3 ' 

Therefore the features of the image' are quite ade- 
quately in register with one another: That "is , precision 
is usually sufficient even though accuracy is much coarser 
than the pixel -gjrid spacing.. • ; - . i; 

On the other .-.hand, even within an image qr a series 
of images. , interhead .precision may sometimes be inadequate 
for a period of time after a printer is first turned on, 
as positioning varies with ' (among other factors) tempera- 
ture. Thus 'there are certain exceptions to the suffi- 
ciency of relative positioning. Some such exceptions may 
come into play even in a single-head printing regimen. 

Misregistration becomes a more significant problem, 

however, in a mul tiple-printhead system since different 

elements.- of a'n- image are physically formed by different 
heads or marking implements. 

More specifically, such different "elements" most 
commonly are markings on the print medium in different 
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primary colors ( e.g. the subtractive colorants cyan, 
magenta and yellow, plus. black). In such a system, 
misregistration between pens can for example create thin 
bands of incorrect color, or no color at all where color 
should be, along the edges of objects portrayed in an 
image . 

As mentioned above/ overall uncertainties on the 
order of six to twelve times the pixel spacing can be 
important even in systems using a single automatic marking 
implement,, Systematic error of such magnitude is plainly 
unacceptable in the multicolor environment, or more 
generally in any modern system using plural automatic 
marking implements. Paper slippage and paper skew, as 
well as mechanical misalignments of the marking 
implements, contribute to accuracies along both the media- 
advance axis and the carriage -scan axis . 

(For desktop printers it has become generally 
conventional to identify the carriage-scan direction as 
the x axis and the media-advance direction as the v axis. 
For large-format plotters, however, the convention 
observed is precisely the opposite - i.e. the media- 
advance direction is the x axis and the carriage -scan 
direction the v axis. These respective conventions have 
been observed in the drawings of the present document.) 

For these reasons, it is important to determine and 
control the deviation in position of each marking 
implement from its nominal position t and . the deviation in 
relative positions of p>lural marking implements (that is, 
the distances between or among the implements) from their 
nominal values. In short, we wish to establish the 
positional accuracy of the one or more implements. 

US patent application nos ; ; 08/540,903 and 08/585 , 051 
(whose preferred embodiments were developed mainly for 
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1 large-format printer applications) propose to resolve the 

2 positional -accuracy problem by calibrating the positions 

3 of plural marking implements relative to one another. 

4 Those documents describe operation of the plural imple- 

5 ments to lay down calibration test patterns of bars in two 

6 orthogonal directions . as shpwn in. Figs ^ 9 , : : 10a and 10b of 

7t , ■ . this application. — _c s < 

8 • . ■ . • . u , ■> . ■ 

9 ' a one pattern 406 extending along the trkrisverse dimen- 
10 ' sionof i sheet of printing medium, parallel to the 
11* scanning direction of" the' marking inplements, with 

12 the individual bars "within the pattern running per- 

13 pendicular , to that transverse direction, (i . e. , tt ver- 

14 tical" bars , in-the .usual; orientation of a sheet of 

15 printing medium) ; : and 
16 

17 m a second 'pattern 4 08' along the longitudinal dimen- 

18 sion of such a sheet/ parallel to the medium-advance 

19 direction , with the individual bars within the pat- 

20 tern running perpendicular to that longitudinal di- 

21 , rection ( i . e. , " horizontal" bars) . 

22 . ; ■ ~ - - I--: • 

23 Within each pattern of bars, in an exemplary four- 

24 printhead printer, a first group of roughly a quarter of 

25 the bars is made by one printhead, a second group by 

26 another printhead, and so on — allowing each head to re- 

27 cord ample information for determination of the relative 
28. .phase of .its bar pattern to the other heads' bar patterns. 

29 . . • - - r. A sensor mounted cn the marking-implement carriage 

30 then traverses the calibration test patterns, and an asso- 

31 ciated electronic system determines any inconsistencies 

32 between resulting signal wavetrains produced by the dif- 
3 3 ferent implements respectively. The system interprets 
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these inconsistencies, in terms of positional deviations 
from the nominal interhead spacing. 

US applications 08/540,908 and 08/505 , 051' show how 
signals from the sensor can be filtered, amplified, 
sampled, digitized, fitted to an ideal sine wave, and then 
digitally phase- analysed to determine net positional 
deviations from nominal. These net deviations are then 
used to shift the image elements formed by some of the 
heads to match those formed by others . 

In .the horizontal direction, the shift is achieved by 
introducing a small delay or advance in phase, for 
energization of each printhead respectively - to create 
each pixel column. In the vertical direction, the shift 
is achieved by selecting for actual use a group of marking 
sub implements within each implement ( e.g. nozzles, in an 
Inkjet printhead) which is less than the total number of 
subimplements in the implement. 

In the inkjet environment, the group that is used may 
for instance be as high as nozzles #1 through #96, in a 
pen that has one hundred four nozzles total - or as low as 
nozzles #9 through #104 . Other systems for vertically 
shifting the actually printed swath of each printhead will 
be apparent to those skilled in the art," for this and 
other, environments : 

In order to accomplish all* this; the system of US 
applications 08/540,908 and 08/585 , 051 must lay down its 
pattern of vertical indicia (more specifically vertical 
straight lines) , by scanning transversely. This pattern 
is for reading by the sensor later in the transverse- 
positioning calibration . 

In addition the system must lay down a pattern of 
horizontal indicia (more specifically horizontal straight 
lines) , by transverse scanning interspersed with 
longitudinal relative movement of the printing medium. 
This pattern is for reading by the sensor later in the 
longitudinal -positioning, calibration. 

Overall, the efforts of these earlier US applications 
greatly ameliorate a difficult problem in the art, both 
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for desktop printers and large -format plotters, and it is 
by no means our intention to minimize their efforts. This 
latter portion of the technology, however, is not entirely 
ideal - for three reasons, listed below. 

The first two arise in common from the fact that 
control of motion of the printing medium is not as 
accurate as control of motion of the carriage which 
transports the printheads: 

(1) printing of the medium-advance-direction calibration 
pattern requires at least several swaths of markings, 

. introducing undesirable variations within the printed 
: test pattern .itself - due to printing-medium advance 
and the multiple carriage sweeps that are required. 

(2) . reading the medium-advance-direction calibration 

pattern likewise requires vertical relative movement 
of the medium relative to the sensor, once again 
introducing undesired variations in resulting data; 
and 

: (3) for simplest implementation the medium must be free 

to move in both . the positive and negative directions, 
along the longitudinal dimension (the printing-medium 
advance dimension) . - or the medium must be removed 
entirely from the printer and fed back in again, 
potentially introducing major divergences in 
alignment, which influence the effective grid spacing 
as read by the sensor. 

Thus there remains from for useful and important re- 
finement,^ in„. establishing -the positional accuracy of 
automatic marking: ^ in^lements. along the direction 
orthogonal to the scan or sw.eep direction - particularly 
relative accuracy, as between plural such implements. 

The present invention seeks to provide improved 
measurement of positional deviation.; 
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According to one aspect of the present invention, 
there is provided a system for determining positional 
deviation of at least one automatic marking, implement from 
a nominal position; comprising a printing medium; and a 
positional -deviation calibration pattern comprising an 
array of substantially diagonal indicia formed on the 
printing medium by the or each , automatic, marking 
implement. - 

According to another aspect of the. present invention, 
there is provided a method, of^ establishing positional 
accuracy of at least one automatic marking implement 
relative to a nominal position, for use with a printing 
medium having first and second mutually orthogonal 
directions, the method comprising the steps of: 

determining positional deviations with respect to 
said first direction; 

operat ing . the implement along said first direction to 
form a test pattern on the medium; 

scanning a sensor along the first direction to read 
the test pattern, substantially without advancing the 
printing medium in the second direction; and 

finding positional deviations along the second 
direction by combining said: determined deviations with 
respect to said first direction and the sensor readings of 
the test pattern w ; 

According to another aspect of the present invention, 
there is provided apparatus . for establishing positional 
accuracy of at least one automatically positioned marking 
device, relative to a nominal position; said marking 
deyice:,being for relative motion along first and second 
mutually orthogonal directions; said apparatus comprising; 

means for determining positional deviations with 
respect to said first direction; 

a test pattern defined along said first direction; 
a sensor mounted to such marking device; 
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means for scanning the sensor with the marking device 
together along the first direction to read the test 
pattern, substantially without relative motion of the 
sensor or device along the second direction; and 

means for finding positional deviations along the 
second direction by -combining said determined 'deviations 
with respect to said f irst" direct iori - and r t he sensor 
readings of the test pattern. * ;. - 

The preferred -embodiments provide Several features 
which can be used independently , although they are 
preferably employed ^together to "optimize their benefits. 

Before setting forth details of the- preferred 
embodiments , we -wish • to^provide an informal introduction 
to some of the concepts "disclosed herein. It is to be 
understood that this introduction is rtot *<a definition of 
the invention. 

The inventors recognized that Ynarkirig- implementations 
separation in both the longitudinal arid transverse 
dimensions can be determined through forming a calibration 
pattern during, operation in only one of 1 ~tho r se two 
directions - and likewise passing a sensor over that 
pattern in only one of the two directions . - : In purest 
principle, the direction of pattern formation -heed not be 
the same as that", of pattern sensing. Preferably, however, 
the transverse dimension is chosen for both the writing 
and reading operations, ;since > as mentioned above - 
positional controls is ; considerably better along that 
direction. 

In order- to obtain information- about both 
longitudinal and transverse positions through writing and 
reading 
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1 of a test pattern in one direction only, a test pattern 

2 can be used that includes indicia which are substantially 

3 diagonal relative to, for instance, the longitudinal 

4 dimension considered as ^vertical". The instant at which 

5 a sensor then reaches any one of" the indicia depends upon 

6 the mechanical deviations of the marking implement from 

7 nominal position both vertically and horizontally . 

8 The actual mechanical deviation along only the hori- 

9 zontal direction is easily found separately by operation 

10 of a system with "vertical" bars as in the Un ited States , systems, 

11 The overall apparent horizontal displacement found by 

12 scanning the diagonal bars can then be analyzed to find 

13 the portion of that overall horizontal displacement which 

14 is due to mechanical vertical deviation, simply by sub- 

15 tracting away the purely horizontal component . 

16 Unless the diagonals are at forty-five degrees, it is 

17 also desirable to apply to the remainder a correction for 

18 the actual orientation of the calibration-pattern bars, to 

19 find the actual vertical deviation. 

20 More specifically, a formula for this analysis can be 

21 found geometrically. If the total observed horizontal 

22 displacement is 6 T — and the .portion of this overall ap- 
2 3 parent horizontal displacement 6 T which arises from me- 

24 chanical horizontal deviation in the writing process is 

25 identified as 8 H — then the portion 5 V ' of that same 

26 overall horizontal displacement 6 T which arises from 

27 vertical deviation exclusively is: 
28 

2 9 6 V ' = 8 T - 8 H 

30 

31 and the mechanical vertical deviation itself is 6 V cot 6 

32 or: 

33 8 V = (8 T - 8 H ) cot0. 
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If the bars are oriented at forty- five degrees, cotO = 1 
and no arithmetic correction is needed. 

It will be understood that this analysis applies 
equally to (1) individual marking- implement positional 
deviation from a nominal absolute position and (2) 
deviations of relative spacing, between one marking 
implement and another, from a nominal relative spacing. 
The preferred embodiment provides a system for determining 
positional deviation of at least one automatic marking 
implement from a nominal position. The system includes a 
printing medium and a positional -deviation calibration, 
pattern. The calibration pattern comprises an array of 
substantially diagonal indicia formed , on the printing 
medium by at least one automatic marking implement. 

As explained in the informal introduction, the 
diagonal indicia of the calibration pattern on the print 
medium enable development of composite information about 
horizontal and vertical deviations. Such information can 
be adduced with no necessity of either forming or sensing 
any pattern that is extended (by more than one print head 
swath) in two different directions. 

It is preferred that the system includes a 
transversely scanning automatic sensor. This 1 sensor is 
for reading the substantially diagonal indicia to obtain 
information about the positional deviation. 

Several other preferences include use of plural 
subarrays, a multiplicity of substantially parallel lines, 
uniform width and spacing, angles of twenty to seventy 
(preferably thirty to sixty) degrees, formation all in a 
single scan, and use in conjunction with an adjacent array 
of substantially vertical indicia. 

In a second embodiment, there is provided a method of 
establishing positional accuracy of at least one automatic 
marking implement - relative to a nominal position. The 
method is for use with a printing medium which has first 
and second mutually orthogorial directions. The method 
includes the step of determining positional deviations 
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with respect to a first of the directions. The method 
also includes another step of operating the at least one 
implement along that same first direction to. form a test 
pattern on, the medium; 

*: In addition the method preferably includes the step 
of scanning a sensor along, still, the first direction to 
read the test pattern, 'substantially without advancing the 
printing medium in the second direction. Further, the 
method may include the step of then finding positional 
deviations along the second direction - by combining (l) 
the determined deviations with respect to the first 
direction with (2) the sensor readings of the test 
pattern. 

This preferred method permits establishment of 
positional accuracy relatively quickly and efficiently - 
and without either requiring bidirectional printing-medium 
transport (or refeeding of a sheet of medium for a second 
pass through the printer) or depending on the relatively 
unreliable longitudinal movement of the printing medium. 

It is preferred that the method, also includes the 
step of then applying the found positional deviations, 
along the first and second directions, to control 
operation of the automatic, marking implement . 

It is also preferable tp include the step of 
recording, in a memory device, instructions for the 
foregoing steps. In this case it is preferable to include 
the step of automatically retrieving those instructions 
from the memory device, and effectuating, them to effect 
performance of those foregoing steps. 

Another embodiment provides apparatus that 
establishes positional acciiracy of at least one 
automatically positioned " marking device, 1 relative to a 
nominal position. The marking device of this apparatus is 
for relative motion along first and second mutually 
orthogonal directions. 

This apparatus preferably includes means for 
determining positional deviations with respect to a first 
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of the two directions and a test pattern defined along 
that first direction. * 

Further include may be a sensor mounted with the 
marking device. In addition the. apparatus- may include 
some means : for scanning, the sensor with. the marking device 
together along the f irst dire.ationr to read the test 
pattern - substantially; without -.relative motion ;Of .:the 
sensor or device along the second , direct iqn : ; 

. . The apparatus m^y additionally include, some^ .means for 
then . finding positional . deviations along the secpnd 
direction, by confining.; (1) the determined deviations with 
respect to the first direction with (2,)L the sensor 
readings of the' test pattern. . 

Preferably, the apparatus include^ means for applying 
the found positional deviations along the first and second 
directions to control operation of the automatically 
positioned marking device. In addition the apparatus may 
include a memory device holding recorded instructions for 
the foregoing steps . In this case the apparatus also 
preferably includes some means for automatically 
retrieving and effectuating those instructions from the 
"memory device to effect performance of those foregoing 
steps . 

Exemplary 'embodiments of the present invention will 
now be explained with reference to the accompanying 
drawings of which: 

Fig. 1 is :a perspective view of an embodiment of a 
thermal inkjet desktop printer (not to scale)\- 

Fig. la is a like view of an embodiment of large- 
format printer/plotter; - ' : " 

Fig. 2 is a perspective view, taken from below and to 
the right, of : the carriage assembly of the Fig. 1 (desktop 
printer) embodiment , showing. the sensor module generally; 

: Fig: . 2a is a like view of the corresponding carriage 
assembly of the Fig. la (large- format plotter) embodiment; 

Fig. 3 is a magnified view -{not to scale) of the test 
patterns utilized to effect pen alignment in accordance 
with , the same two embodiments; . .7 



13 



1 Fig. 4a is an exterior perspective view of the sensor 

2 module and associated printed-circuit board used in the 

3 preferred embodiment of Figs . 1 and 2 ; 

4 Fig. 4b is an exploded perspective view of the two 

5 half -cases of the Fig. 4a sensor module and printed-cir- 

6 cuit board; 

7 Fig. 4c is an exploded perspective view of the same 
8* r ^ elements; shown in Fig. 4b but taken from the opposite side 
9 and also including the interior components ; 

10 Fig. 4d is an interior perspective view of ?a princi- 

11 pal inner subassembly of. a sensor that may be used in the 

12 preferred embodiment of Figs., la and 2a; 

13 Fig. 5 is a very highly schematic diagram of the op* 

14 tical elements in the sensor module of the preferred desk- 
15' top-printer embodiment of .Figs . 1, Z, and 4a through 4c; 

16 Fig. 6a is illustrative of the pure carri age -axis - 

17 deviation test-pattern portion (not to scale) of the Fig. 

18 3 test patterns, and is shown even further magnified than 

19 in Fig. 3; 

20 Fig. 6b is a like view ;of the ^composite information" 

21 test-pattern portion of the Fig. -3 embodiment; 

22 Fig. 7 is a very schematic rear elevation of first, 

23 second, third and fourth ink jet cartridges or other mark- 

24 ing implements , positioned over a printing medium for 

25 movement along the carriage-scan axis; 

2 6 Fig. 8 is a block diagram of the electronic circuit 

27 utilized in the preferred embodiments ; 

28 Fig. 9 is a view similar to Fig. 1, but with „^ rtr . 

a pi J. O i 

29 art media-advance calibration pattern . 
30 

31 Fig. 19a is a view substantially identical to Fig. 

32 6a, but repeated for convenient reference with Fig. 10b; 

33 and 
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Fig. 10b is a view similar to Fig. 6b, showing a prior 
art related-art" media -advance calibration pattern. 



As' Figs. 1 'and la indicate, preferred embodiments 
; are advantageously incorporated into an 
automatic ~ printer , ^ for instance a thermal-ink jet desk- 
top printer of lar£e-format plotter respectively ^ The, 
printer or plotter 10 includes a housing 12, with a con- 
trol panel 20 P — - ^ 

As to th^ plotter of Fig. la, the wording parts may 
be mounted on a stand 14; and the housing JL2 has left and 
right dri ve -mechanism enclosures^ 1:6: and 18 . The control 
panel 20 is mounted on the right enclosure 18.. 

A carriage assembly H)0 (which for :the iarge-format 
plotter of Fig. la is illustrated in phantop : under a 
transparent cover 22), is adapted for . reciprocal motion 
along a slider rod or ^carriage bar 24 (also, in phantom for 
the plotter) ; The position of the carriage assembly 100 
in a horizontal or cairriage-scan axis is determined by a 
carriage pos i ti oni ng umechani sm (not shown) with respect to 
an encoder strip (not shown) , as is very well known in the 
art. 

Preferably the carriage -100: includes four stalls or 
bays for automatic marking implements such as Inkjet pens 
that print with ink of different colors . These are for 
example black ink and three chromatic-primary (e. q. yel- 
low, magenta and cyan). inks, respectively. 

Fig. 1 shows, for the desktop printer, a single rep- 
resentative pen 102 and the remaining three empty bays 

marked with reference numbers in parentheses thus: (104) , 
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1 (106) and (108) . For the large-format plotter, Fig. la 

2 shows all four pens 102, 104, 106, and 108. 

3 In both the printer and the plotter, as the carriage 

4 assembly 100 translates relative to the medium 30 along 

5 the x and y axes, selected nozzles in all four thermal - 

6 Inkjet cartridge pens are activated. In this way ink is 

7 applied to the medium 30. 

8 The colors from the three chromatic-color Inkjet pens 

9 are typically used in sub tractive combinations by over- 

10 printing to obtain secondary colors; and in additive com- 

11 binations by adjacent printing to obtain other colors. 

12 The carriage assembly 100 includes a carriage 101 

13 (Fig. 2) adapted for reciprocal motion on a slider bar or 

14 carriage rod 103. For the much greater transverse span in 

15 the large-format plotter (Fig. 2a) , there are a front sli- 

16 der rod or carriage bar 103 and a like rear rod/bar 105. 

17 A representative first pen cartridge 102 is shown mounted 

18 in a first stall of the carriage 101. 

19 Considerable additional information about a carriage 

20 drive and control system that is suitable for integration 

21 therewith appears in the above-mentioned US patent 

22 applications - That drive and control system is substantially 

23 conventional and will not be further treated here . 

24 A printing medium 30 such as paper is positioned 

25 along a vertical or printing-medium-advance axis by a me- 

26 dium-advance drive mechanism (not shown) . As is common in 

27 the art and as mentioned earlier, for desktop printers the 

28 carriage-scan axis is denoted the x axis and the medium- 

29 advance axis is denoted the y axis; and for large-format 

30 plotters conversely. 

31 Printing-medium and carriage position information is 
3 2 provided to a processor on a circuit board that is prefer- 
33 ably disposed on the carriage assembly 100. The carriage 
3 4 assembly 100 also may hold the circuitry required for in- 
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1 terface to firing circuits (including firing resistors) in 

2 the inkjet pens. 

3 Also mounted to the carriage assembly 100 is a sensor 

4 module 200. Note that the inkjet nozzles 107 (Fig. 2) of 

5 the representative pen 102, and indeed of each pen, are in 

6 line wi th the sensor module 200 . 

7 As explained earlier, full-color printing and plot- 

8 ting require that the colors from the individual pens be 

9 precisely applied to the printing medium. This requires 

10 precise alignment of the carriage assembly. Unfortunate- 

11 ly, paper slippage, paper skew, and mechanical misalign- 

12 ment of the pens in conventional inkjet printer/plotters 

13 result in off sets along both the medium- or paper-advance 

14 axis and the scan or carriage axis. 

15 .. . 

16 Preferably a group of test patterns 402, 404, 406, 

17 408 is generated (by activation of selected nozzles in 

18 selected pens while the carriage scans across the medium) 

19 whenever any of the cartridges is disturbed — for in- 

20 stance just, after a marking implement ( e- q. , pen) has 

21 been replaced. The test patterns are then read by scan- 

22 ning the electrooptical sensor 200 over them, and analyz- 

23 ing the resulting waveforms. 

24 The sensor module 200 optically senses the test pat- 

25 tern and provides electrical signals, to the processor on 

26 the carriage, indicative of the registration of the por- 

27 tions of the pattern produced by the different marking 

28 implements respectively. 

29 Figs. 4a through 4d show representative sensor mod- 

30 ules 200 utilized in the two preferred embodiments. 

31 Each sensor module 200 includes 

32 an optical component holder 222, with a lens 226 (or if 

33 preferred a more-complicated focal system with a second 
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1 lens 228, Fig. 4d, such as that shown by Cobbs et al . ) 

2 fixed relative to a detector 240 (Fig. 5) . 

3 _ Whereas the prior art systems described above are said to benefit 

4 from use of a phase plate over the detector, we have found 

5 that in cur desktop-printer system entirely adequate per- 

6 fprmance is obtained with no. such plate — relying only on 

7 the optical apertures intrinsically established by the fo- 

8 cal system and detector. Nonetheless a phase plate may be 

9 < advantageous for preferred embodiments, in a larger-format 
- 10 . . plotter.. .In the absence of .such, a plate,, approximately 

11 sinusoidal response during scanning is perhaps enhanced by 

.12 . interaction between the test-pattern bars and the gener- 

13 ally circular cross-section of the detector . 

14 First and second light emitting diodes (LEDs) 232 and 

15 .234 are mounted to the sensor module 200, at an angle as 

16 shown, along with an amplifier and other circuit elements 

17 .{not shown).. The light-emitting diodes and photodetector 

18 -are of conventional design and have a. bandwidth which 

19 encompasses the frequencies of the colors of the marking 

20 implements 102, .104,. 106, 108-, 

21 For best results, however, special measures are em- 

22 ployed to obtain fully adequate data with respect to a 

23 yellow-ink marking implement. - Cpmmonly available detec- 

24 . tors are relatively unable to distinguish the correspond- 

25 ing yellow light from the white background of a typical 

26 printing medium 30. 

27 While this ambiguity may be resolved by use of an 

28 optical filter, we preferito avoid this added cost by 

29 printing a percentage-tone background using niatgenta ink, 

30 and then immediately overprinting the yellow test-pattern 

31 bars. The yellow ink interacts with the still-damp ma- 
.32 genta ink, causing a spreading and wicking phenomenon that 

33 converts the percentage, magenta tone to solid magenta 

34 inking in the regions- where the yellow "bars" are printed 
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— resulting, in short, in solid maaenta bars; which the 
sensor readily detects. 

The optical elements 240, 226, 232, 234 are conve- 
niently supported in a simple molded-^lastic component 
holder 222. The holder 1 222 Has "ah upper ledge 240' for 
the dete<it6r 24 0 r , opposed intermediate slots 226' for the 
leii^ 232, and ; angled lower- lateral * cavities 232' , 234' for 
the LEDs 232; 234 . * - - ' 

1 A retaining 0 pi arte 222' has fastening pegs'*222p which 
snap into mating receptacles : 222r 'of the holder 222/ to 
keep the dptical elements in ;i place. Standoffs 222s at an 
opposite "face ? of the retaining Opiate' 222' provide proper 
spacing of the retainer 222' -from the associated pririted- 
circuit board 300/ 

In operation, light from the LEDs 232 and 234 im- 
pinges uporTthe test patterns 408 etc. on the "printing 
medium 30 and is in part : reflected to the photodetector 
240 via the focal system ' 226 which focuses the energy 
onto the photodetector 240.: As the sensor 'module 200 
scans the test pattern 4 06 or 408 alon^ the l carriage- scan 
axis only / an -output "signal is -provided which varies 
approximately as : a' sine wave. 

Associated circuitry (Fig? 8) stores these signals 
and examines their ' phase relationships to determine the 
alignments of the pens for each direction of movement. 
Preferably the system corrects for carriage-axis misalign- 
ment — - an d print-medium-axis misalignment and can be 

used to correct for off sets due to speed and curvature as 
well . All the'sV options" are discussed at length in the 
US patent applications referred to -above. 

A first step is generation of the test patterns of 

Fig. 1 shown progressively' : enlarged in Figs. 3 and 6. 

The first pattern 402 is ' generated in the scan axis merely 
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1 for the purpose of exercising the marking implements prep- 

2 aratory to actual measurements . 

3 The first pattern 402 includes one segment for each 

4 cartridge utilized. For example, the first segment 410 is 

5 yellow (Y) , the second segment 412 is cyan (C) , the third 

6 segment 416 is magenta <M> and the fourth segment 418 is 
. 7 black (K) . 

. .8 Next, the second, third and fourth patterns 404, 406 

9 and 408, respectively, are generated. The second pattern 

10 404 may be used to test for pen offsets due to speed and 

11 curvature as described in the above-mentioned US applications. 

12 The third pattern 406 is used to test for misalign- 

13 ments in the carriage-scan axis in the US applications. The 

14 fourth pattern 408 is used to test for misalignments along 

15 the medium-advance axis. In each of patterns 404 through 

16 408, yellow is preferably printed in compound fashion, 

17 over a magenta tone as previously described. 

18 

19 

20 Correction for deviations in the carriage- scran axis 
21 

22 The carriage-scan-axis alignment pattern 406 is gen- 

23 erated by causing each pen to print a plurality of hori- 

24 zontally spaced vertical bars. The thickness 501 of each 

25 bar is equal to the spacing 505 between bars. In the 

26 third pattern 406 the first segment 420 (C) is cyan; the 

27 second segment 422 (M) , magenta; the third segment 424 (Y) 

28 yellow and the fourth segment 426 (K) black. 

29 Pen offsets in the carriage-scan axis are illustrated 

30 in Fig. 7. The ink jet cartridges 102, 104, 106 and 108 

31 are positioned a height h over the printing medium 30 for 

32 movement along the carriage-scan axis. 

33 . . The nominal distances D12, D23, and D34 between the 

34 cartridges — or compensation for any deviations from 
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1 those nominal distances — are essential to proper regis- 

2 tration of the ink drops from each cartridge with respect 

3 those of the other cartridges. 

4 Pen misalignments in the carriage-scan axis are de- 

5 termined by scanning the sensor 200 over the third pattern 

6 406, along the carriage-scan axis. As the sensor module 

7 200 illuminates the third pattern 406, the focal system 

8 226 (and 228 if present) focuses an image on the detector 

9 240. 

10 In effect the 1 pattern of illuminated bars is superim- 

11 posed on the detector, in the detector plane ^ or con- 

12 versely. In response, the photodetector 240 generates a 

13 roughly sinusoidal output signal which is the mathematical 

14 convolution of the generally round system apertures with 

15 the test pattern 406. 

!6 Fig. 8 is a block diagram of the electronic circuit 

17 300 utilized in the alignment system of the present inven- 

18 tion. The circuit 300 includes an amplification and fil- 

19 tering circuit 302, an analog- to-digital converter 304, a 

20 pen-alignment operations block 306 (typically in a unitary 

21 programmed microprocessor) , a sample-pulse generator cir- 

22 cuit 308, a carriage-position encoder 310, a stable time 

23 base 312, a main printer-operations function block 314 (in 

24 the same microprocessor mentioned above), marking pens and 

25 a carriage-axis servocontrol mechanism 316, paired pulse- 

26 width modulators 318, and respective light-control cir- 

27 cuits 320 for the LEDs 232, 234 (Figs. 4c and 5). 

28 Electrical signals from the sensor module 200 are am- 

2 9 plified, filtered (yielding a more accurate sinusoid, with 

30 less harmonic content, environmental disturbance etc.), 

31 and sampled by the alignment-operations block 306. The 

32 carriage position encoder 310 provides pulses as the car- 

3 3 riage assembly 100 moves along the encoder strip (not 
34 shown) . 
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The sample pulse generator circuit 308 selects pulses 
from the carriage position encoder 310 or the stable time 
reference 312, depending on the test being performed- The 
data can be analyzed with Discrete Fourier Transform meth- 
ods to find the separations and deviations. Alternatively 
the electronics find? a phase difference between a refer- 
ence.sijieivay^ ^(synchronized with carriage position) and 
the sensed sine, wave — as set forth in the above-mentioned US 
application,: . 

, r In either event, the system uses, three parameters of 
-the phase difference: its location , to indicate which 
cartridge is out of alignment; its polarity , to indicate 
the direction of misalignment; and its magnitude to indi- 
cate the magnitude of the misalignment. 

The corresponding data , describing offsets for each 
cartridge, are stored. These data , are used to control 
activation of the pens ' as the iassembly is scanned in the 
carriage axis via the servomechanisms 316. Sensor-module 
light activation is provided by the alignment-operations 
block 306, pulse-width modulators .318 and light-control 
circuits 320. 

Correction of offsets due to speed and curvature may 
be developed as in Cobbs , if desired.. 

Correction of off sets in the printing-medium-advance axis 
and between pens 

Another source of image misregistration, derives from 
pri iting-mediam slippage or skew on the roller or platen. 
In accordance with the present teachings, there is no need 
to print or sense a print-medium-advance-axis test pattern 
that is extended (by more than one print swath) along the 
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medium- advance direction. Instead a test pattern 408 with 
diagonal bars is printed along the carriage-scan direction 

the whole set being printed without advancing the 

printing medium at all . 

The entire test pattern 408 {Pigs. 3 and 6b) actually 
includes, within the same swath as the diagonal lines, an 
initial short segiiiettt 440' of vertical black bars to es- 
tablish ..extremely-' accurate phase coordination with the 
carriage-position encoder system. The diagonal bars fol- 
low/in-f our ^segments '440 (C?, 442 (H), 444 (Y) and 446(K) 
laid -down -by; •the.,' four marking impliaments respectively. 

As previously explained, this pattern is scanned by 
the sensor and -the" resulting offset data developed, either 
through Discrete Fourier Transform methods or through fit- 
ting a standard sine curve to "the sampled data as in the above- 
mentioned -US-patent applications: - It is preferred to operate 
.the sensor several times over the 'diagonal bars to maximize the 
signal-to-noise ratio for the^phase da r ta^ from the several runs. 

Offset data so ^derived include effects bf- both hori- 
zontal and vertical mechanical "deviations . * Therefore they 
must be adjusted for the independently determined horizon- 
tal mechanical deviations — and if necessary for the an- 
gle of the diagonal bars ---^ to find the vertical mechani- 
cal deviations. - If the angle is quite close to forty-five 
degrees, then as mentioned earlier the implicit correction 
is a factor of one and no actual arithmetic is needed. 

It is preferred to orient the bars of the test pattern at 

forty-five degrees not so much to avoid the necessity 

of multiplying by a nonunity value of cot 8 as to distrib- 
ute possible errors somewhat equally in the two orthogonal 
directions of the system. 'Results that are almost as- 
good, however, can be obtained with the bar orientation at 
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any value in a range that is roughly centered about forty- 
five degrees. 

Based on these observations and calculations the 
critical range for reasonably good performance is 
considered to be between about thirty and sixty degrees. 
These critical values may be conceptualized as follows. 
If the -bars' are more steeply angled to the vertical than 
about sixty degrees, the accuracy of detecting the 
-positions of the bars . begins . to , degrade severely; and if 
they are less steeply angled to the vertical than about 
thirty degrees, the accuracy of reflecting the positional 
determination into the vertical dimension - which is to 
say, the determination of interest - begins to likewise 
degrade severely. . 

A second critical range, for performance that is 
marginal rather than reasonably A good, is considered to be 
between about twenty and seventy degrees. For these more- 
extreme limits the conceptualization is analogous to that 
set forth just above, but here accuracies degrade so 
severely that acquisition of meaningful calibration 
results may not be practical - for example, may require an 
inordinately large number of sensor passes or 
prohibitively long times. 

It is not strictly necessary that all the bars be at 
the same angle, or uniform in spacing or thickness, or 
even straight. In principle, these parameters are all 
variable because the microprocessor which prints the 
pattern with such variances can be taught to recall the 
specifics of variation at pattern- sensing time and 
subtract them out, or . cancel them out, of the resulting 
signals. As a practical matter, however, straight bars of 
uniform angle, spacing and thickness are preferable to 
simplify the data processing and minimize the calibration 
time . 

The pure-horizontal deviations may be measured or 
interpreted either before or after printing and scanning 
of the diagonal bars, since the answers are independent of 
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sequence. It is only necessary that the horizontal 
mechanical deviation data be available for the final step 
of arithmetic adjustment. 

Scanning and sensing of the diagonal bars can be 
performed in either direction; however , when scanning the 
sensor from right to. left the algebraic- sign, of the 
calculated vertical; deviation . is reversed . For example, 
if a particular marking implement^. is higher, than- it should 
be, with the diagonal "bars, oriented as in Figs; 3 and 6b, 
. the sensor will reach each' bar early/ when/ scanning:: from 
left to right (corresponding to the formula for & . v given 
earlier) - but late when scanning from right to left . 

To use , the yellow-over-magenta, printing ^system 
mentioned earlier, it is helpful to record the yellow and 
magenta inks: in very: close time sequence . This can be 
accomplished most effectively .during scanning 'frbm right 
to left, if .the pens are physically^ disposed in the 
sequence of Fig. 3.: "■ * r 

Offsets between pens, along the medium- advance axis, 
can be corrected ,by selecting certain nozzles for 
activation;, as described : . in the . above -mentioned US 
applications, .or by maskingr. the data, as between swaths of 
the marking implements. The -Gobbs technique has -the 
drawback of requi ring vextra nozzles,-, whereas ;the data- 
masking technique has the drawback of introducing 
undesirable variations in colorant -laydown sequence in 
some regions of the : ; printout , and also somewhat increasing 
computation complexity and time. 

The disclosures in United States patent application 
'no. 08/625,422. from which' this application claims 
priority, and in .the abstract ^accompanying this 
application- are -incorporated herein by reference. 
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1. A system for determining positional deviation of at 
least one automatic marking implement from a nominal 
position; comprising a printing medium; and a positional - 
deviation calibration pattern comprising an array of 
substantially diagonal indicia formed on the printing 
medium by the/or each automatic marking implement . 

2. A system as in claim 1, comprising a transversely 
scanning automatic sensor for reading the substantially 
diagonal indicia to obtain information about such 
positional deviation. 

3. A system as in claim 1 or 2, wherein, for determining 
such deviations between a plurality of such automatic 
marking implements, the array comprises a plurality of 
subarrays each formed by one of. such plurality of 
implements respectively, each subarray being an assemblage 
of substantially diagonal indicia. 

4. A system as in claim 3 # wherein each subarray 
comprises a multiplicity of substantially parallel lines. 

5. A system as in claim 4, wherein, for an automatic 
marking implement that scans transversely across the 
printing medium, the lines are at an angle of between 
twenty and seventy degrees to said transverse scanning 
across the medium. 

6. A system as in claim 4, wherein, for an automatic 
marking implement that scans transversely across the 
printing medium, the lines are at an angle of between 
thirty and sixty degrees to said transverse scanning 
across the medium. 



7. A system as in claim 4, wherein, for an automatic 
marking implement that scans transversely across the 
medium, the indicia are all formed in a single scan. 

8. A system as in claim 3 , wherein, for an automatic 
marking implement that scans transversely across the 
printing medium, . the subarrays are disposed in series 
transversely across the-printing medium.. 

9 . . A system as in any preceding claim, wherein the array 
comprises a ^multiplicity of substantially parallel lines. 

10. A system as in claim 9, wherein the lines are-. of 
uniform width and spacing. 

11. A system as in any preceding, claim, comprising an 
array of substantially vertical indicia formed by the 
automatic marking implement . 

12. A method of establishing positional accuracy of at 
least one automatic marking implement relative to a 
nominal position, .for f use with a printing medium having 
first and second mutually orthogonal directions, the 
method comprising the steps of : 

determining positional deviations with respect to 
said first direction; 

operating the implement along said first direction to 
form a test pattern on the medium; 

scanning a sensor along the first direction to read 
the test pattern, substantially without advancing the 
printing medium in the second direction and 

finding positional deviations along the second 
direction by combining said determined deviations with 
respect to said first direction and the sensor readings of 
the test pattern. 
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13. A method as in claim 13, comprising the step of 
applying the found positional deviations along the first 
and second directions to control operation of the 
automatic marking implement. 

14. A method as in claim 12 and 13, comprising the steps 
of : 

recording instructions for the foregoing steps in a 
memory device; and ■ _ - . 

automatically retrieving and effectuating said 
instructions from the memory device to effect performance 
of said steps . 

15. Apparatus for establishing positional accuracy of at 
least one automatically positioned marking device, 
relative to a nominal position,* said marking device being 
for relative motion along first and second mutually 
orthogonal directions; said apparatus comprising: 

means for determining positional deviations with 
respect to said first direction; 

a test pattern defined along said first direction; 

a sensor mounted to such marking device ; 

means for scanning the sensor with the marking device 
together along the first direction to read the test 
pattern, substantially without relative motion of the 
sensor or device along the second direction; and 

means for finding positional deviations along the 
second direction by combining said determined deviations' 
with respect to said first direction and the sensor 
readings of the test pattern. 

16. Apparatus as in claim 15, comprising means for 
applying the found positional deviations along the first 
and second directions to control operation of the 
automatically positioned marking device. 
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17;. Apparatus as in claim 15 or 16, comprising: 

a memory device for holding recorded instructions for 

the foregoing steps; and 

means for automatically retrieving and effectuating 

said instructions from the memory device to effect 

performance of said foregoing steps. 

18 . A system for determining positional deviation of at 
least one automatic marking implement from a nominal 
position, substantially as described herein with reference 
to Figures 2-8 of the accompanying drawings: 
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